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Several epidemiological studies have indicated that workers in the rubber industry experience a raised risk of cancer at several sites including the bladder and other genitorurinary organs, stomach, lung, brain, lymphoreticular system, and skin.`'' The considerable variation among studies can only partly be attributed to differences in type or level of exposure or both. Other possible explanations are confounding factors and chance due to small numbers of cases.
For example, the association between working in the rubber tyre manufacturing industry and the risk of bladder cancer may be plausibly explained in terms of exposure to naphthylamine, benzidine, and other aromatic amines,36 whereas that with stomach cancer finds no obvious explanation and may perhaps be accounted for by differences in the social class distribution of rubber workers. For other tumours, such as brain' or lymphoreticular neoplasms,' little is known in aetiological terms, but a possible association with some (as yet unidentified) chemical(s) in the Accepted 7 November 1988 rubber industry has been suggested by epidemiological observations.
Given this still unsettled state of knowledge, we decided to analyse data from a cohort of 6629 workers employed in a rubber tyre factory in the district of Turin, northern Italy, between 1906 and 1981. Besides standard descriptive analyses based on the computation of observed and expected numbers ofdeaths from selected causes, we applied log linear models to obtain estimates of the effect of calendar period and age at first exposure, duration of exposure, and period since last exposure. Furthermore, analyses were performed to identify job categories particularly at risk.
Subjects and methods

CHARACTERISTICS OF THE STUDY COHORT
The cohort comprised all men who had worked for at least one year in the factory between 1946 and 1981. Of these, 9% who could not be traced were excluded, leaving 6629 subjects under study.
Dates of birth, employment(s), and termination of employment(s), the last known address, and detailed 
Results
The total number of deaths observed was close to expected (978 v 1033). standardised mortality ratios (SMRs) in this study (pleura and bladder), all other cancers, and all other causes of death categorised separately by period of first employment, age at first exposure, duration of employment, and period since last employment. In relation to period of first employment, the SMRs were generally higher for subjects first employed before 1940 and tended to decrease for workers engaged in more recent calendar periods. Although the SMR ratio for total mortality in workers employed from 1940 onwards was 0-84, the ratios for cancer of the pleura and bladder remained above unity, in the former case substantially so.
No clear pattern was observed in relation to age at first exposure (although SMRs for total mortality and bladder cancer were somewhat higher for subjects exposed at earlier ages) or duration of employment, and the pleura and bladder mortality both decreased considerably after the end of employment. No consistent pattern of risk after employment emerged for the other cancer sites or non-cancer mortality. Table 3 gives the parameter estimates from the multiplicative model under which the effect of the four variables considered (period of first employment, age at first exposure, duration of exposure, and period since last exposure) was estimated simultaneously for pleura and bladder cancer. These estimates, together with the corresponding standard errors, are expressed in relation to one of the categories of the variable, arbitrarily chosen as referent. The exponential of each estimate gives the risk for the corresponding category, relative to the referent one. Tests of statistical significance may be obtained by comparing the ratio of In the context of hypothesis testing against the full models, for pleural cancer three of the four models with one factor only-that is, those analysing age at first employment and duration or period since last employment-gave significant deviance differences, whereas that with period gave a non-significant difference of 3-8 with four degrees of freedom. For bladder cancer significant differences were observed against the models including only age at first exposure or period since last exposure but not period of first employment or duration. A significant reduction in deviances between the four three-factor models and the full one was given by inclusion ofperiod for pleural (p < 0-001).
Under the full model the relative risk of pleural cancer was significantly lower in workers first employed after 1940. The risk tended to increase with older age at first exposure, though differences were not significant, but no consistent pattern was evident with duration. Likewise, no clear pattern was evident in relation to period since last exposure. Compared with workers who had died during employment in the rubber plant, the relative risk was above unity for the period one to four years after exposure but fell towards unity for longer periods.
For bladder cancer mortality, the relative risk was lower for workers first employed after 1939, and increased with increasing duration of exposure and period since last exposure. None of these estimates was, however, statistically significant.
The analysis of observed and expected number of deaths for each of the 27 job categories showed no systematic excess except that for workers who spent at least one year in the mechanical maintenance job category. Table 4 gives the results for this and other major selected job categories. The SMR of pleural cancer for workers ever been in the mechanical maintenance job category rose to 23-53 (4 observed v 0-17 expected). The same workers showed an increased, though not significantly, lung cancer mortality (21 observed v 13-48 expected, SMR = 158).
No other pronounced increase of risk was evident for any other job category, apart from the "various services" in which mortality was raised for almost any cause, probably on account of selective inclusion in this category of subjects who were ill. With the sample size of this study, it was possible to exclude at the conventional 95% probability, relative risks above 1 3 for lung cancer, 1 1 for stomach, 1-7 for brain, 1-8 for leukaemias, and 1 5 for other lymphoreticular neoplasms.
Both the positive findings, and the absence of confirmation of some previously observed excess risks of cancer in rubber workers, are of some interest, chiefly in consideration of the relatively large size of this cohort.3 This study, however, has some obvious limitations, too. Firstly, all the diagnoses were based on death certification only. Secondly, the follow up process, although satisfactory, still left 9% untraced, with obviously larger rates of loss in men who left the factory at younger ages in earlier calendar periods. Thirdly, the use of national rates for the computation of expected numbers should be discussed. In the mid1970s, however, the province where the factory was located (Turin) had death rates not appreciably different from the national ones: SMRs were 113 for all causes, 109 for all neoplasms, 97 for cancers of the respiratory organs, and 1 5 for cancers of the urinary organs. '2 Since death rates by province are available in Italy only from 1968 onwards, we considered that the errors caused by using the national mortality data for the earlier periods were smaller than those which would result from the use of rates from the 1970s in the computation ofexpected numbers for deaths observed in the 1940-60s. 
